Background {#Sec1}
==========

Chronic hepatitis C virus infection (CHC) is a global important health burden \[[@CR1]\]. Untreated infected patients may develop chronic liver problems, including hepatitis, cirrhosis and hepatocellular carcinoma (HCC), and progress to premature death finally \[[@CR2]\]. World Health Organization (WHO) reported 150--170 million patients infected with hepatitis C virus and caused 350,000 deaths a year \[[@CR3]\]. A global prevalence rate of hepatitis C virus (HCV) infection is 2.5 % \[[@CR4]\]. In Thailand, a prevalence of CHC is approximately 2.8 % \[[@CR5]\]. Additionally, CHC-related treatment influences an economic burden worldwide \[[@CR6], [@CR7]\]. HCV can be transmitted through infected blood include blood transfusions, contaminated needles, body piercing, and hemodialysis. Most of CHC patients are asymptomatic or no specific symptoms then the diseases are silently progressed. A blood screening test by determining anti-HCV antibodies and serum HCV RNA level is recommended for a high risk people \[[@CR8]\].

HCV has been classified into six major genotypes, which are distributed differently worldwide. HCV genotype 1, 2, and 3 are broadly distributed in North America, Northern and Western Europe, South America, Asia and Australia. Genotypes 4 and 5 are common in Africa and Middle East, whereas genotype 6 is mainly found in Southeast Asia \[[@CR9]\]. The treatment regimen of HCV infection depends on virus genotypes. The American Association for the Study of Liver Diseases (AASLD) \[[@CR10]\], the Asian Pacific Association for the Study of the Liver (APASL) \[[@CR8]\], the European Association for the Study of the Liver (EASL) \[[@CR11]\], and the Thai Association for the Study of the Liver (THASL) \[[@CR12]\] recommend pegylated interferon alpha 2a or alpha 2b plus ribavirin as a standard treatment for all genotypes of HCV infection. Treatment of CHC aims to improve quality of life and prevent deaths from cirrhosis and carcinoma. Primary achievement of treatment is undetectable HCV RNA (\<50 IU/ml) 24 weeks after the end of treatment or sustained virological response (SVR) \[[@CR8], [@CR10]--[@CR12]\].

Although a combination of pegylated interferon and ribavirin is clinically effective for CHC treatment, some patients cannot afford to pay for drug costs. A palliative care is used for those patients. In 2011, cost-effectiveness of pegylated interferon alpha 2a, alpha 2b and ribavirin have been included to the National List of Essential Medicines (NLEM) in Thailand for treatment of only CHC genotypes 2 and 3 in Thailand since they demonstrates the cost saving comparing to the palliative care \[[@CR13]\]. This policy decision, however, has not covered for other genotypes of HCV. Among all genotypes, genotypes 2 and 3 are mainly found in Thailand (40 %). Most of the remaining is genotype 1 and genotype 6, accounting for 20-30 % and 10-20 % of all HCV infection, respectively.

Compared to HCV genotypes 2 and 3, pegylated interferon alpha 2a or alpha 2b plus ribavirin produced a greater SVR than in HCV genotype 6 but less than in HCV genotype 1 \[[@CR14]\]. However, most economic evaluation studies of CHC treatment were conducted in Europe \[[@CR15]--[@CR17]\], US \[[@CR18]\] and South America \[[@CR19], [@CR20]\]. No study of the combination of pegylated interferon alpha 2a or alpha 2b and ribavirin for HCV genotypes 1 and 6 in Southeast Asia including Thailand has been investigated. Therefore, this study aimed to determine and compare costs and health outcomes of pegylated interferon alpha 2a or alpha 2b plus ribavirin and a palliative care for treatment of genotype 1 and 6 HCV infection in Thailand.

Methods {#Sec2}
=======

Study design {#Sec3}
------------

This study was a model-based economic evaluation. A Markov model was developed from a societal perspective to estimate costs and health outcomes of CHC patients treated with a combination of pegylated interferon alpha 2a or alpha 2b and ribavirin versus a usual palliative care. The study population was a hypothetical cohort of 1000 CHC genotypes 1 or 6 patients. Although, the Thai treatment guidelines (THASL) \[[@CR12]\] recommends pegylated interferon and ribavirin combination to an 18-year-old HCV patient, this model cohort assume the patients received treatment at 45 years which is likely to be an average age of current patients in Thailand and other countries \[[@CR16], [@CR17]\]. At the beginning of the study, according to THASL guidelines \[[@CR12]\], CHC patients genotypes 1 or 6 were 45 years old, a positive RNA test and METAVIR score ≥ 2. The treatment regimens were designed based on THASL guidelines \[[@CR12]\] as follows: 1) pegylated interferon alpha-2a 180 μg once a week plus ribavirin 1000 mg/day for 48 weeks, or 2) pegylated interferon alpha-2b 1.5 μg/kg weekly plus ribavirin 800 mg/day for 48 weeks, or 3) a palliative care. SVR rate was assessed 24 weeks after treatment discontinuation, as the achievement. If HCV RNA was undetectable (less than 50 IU/ml) at week 4, defined as a rapid virological response (RVR), the treatment stopped at 24 weeks. If HCV RNA was undetectable at week 12, defined as an early virological response (EVR), the treatment stopped at 48 weeks. If HCV RNA was reduced by less than 2 log at week 12 compared with the baseline level, defined as a null response (NR), the treatment was stopped at week 12. For the remaining cases, we assumed the treatment results as a partial nonresponse (PR), which the treatment was stopped at week 24. Figure [1](#Fig1){ref-type="fig"} presents the study treatment guidelines. In the base-case analysis, costs and health outcomes were discounted at 3 % annually \[[@CR21]\].Fig. 1The study treatment guidelines

Model structure {#Sec4}
---------------

Figure [2](#Fig2){ref-type="fig"} illustrates the schematic diagram of the Markov model composing of six health states, including CHC, compensated cirrhosis, decompensated cirrhosis, HCC, healthy person, and death. The patients were moved through health states based on transition probabilities. The model started at CHC patients who meet the inclusion criteria for a treatment. If the CHC patients achieved a treatment, they could proceed to the healthy person state, if not, they could continue to the compensated cirrhosis or HCC or death states. The patients in the compensated cirrhosis, decompensated cirrhosis, and HCC could not reverse to CHC or healthy person states. This model assumptions were: 1) the CHC patients weigh sixty kilograms, 2) the patients failure to the treatment are not re-treated, 3) the patients respond to the treatment were not re-infected from HCV, and 4) the patients are 100 % compliant with the treatment. This model was simulated throughout the patients' lifetime with a 1-year cycle length.Fig. 2The schematic diagram of the markov model

Model parameters {#Sec5}
----------------

The parameters used in the model were health state transition probabilities, efficacy data, utility data, and cost data. Health state transition probabilities and utility data were based on the study by Werayingyong, P. and Teerawattananon, Y \[[@CR13]\], which conducted a systematic review from published literatures and a meta-analysis of CHC patients' utility according to their health states (Table [1](#Tab1){ref-type="table"}). Efficacy data of treatment with a combination of pegylated interferon alpha 2a or alpha 2b and ribavirin versus a usual palliative care for CHC genotype 1 were retrieved from a meta-analysis study \[[@CR22]\] which included randomized controlled trial studies. According to the expert meeting, the inclusion criteria of RCT studies recruited in the study were publishing after 2008, and reporting SVR and RVR. Finally, the SVR and RVR from three RCT studies, and NR from two RCT studies were pooled to calculated for SVR, RVR and NR. Additionally, Thai general population death rates at each age were used in the analysis \[[@CR23]\]. For a 45 year old patient, probability of death from other causes was 0.0044 and varied throughout the patient's lifetime. All input parameters used in the model presented in Table [1](#Tab1){ref-type="table"}.Table 1Input parameters used in the modelInput parametersMeanStandard errorDistributionRef.Transition probability parameters Genotype 1  chronic HCV to compensated cirrhosis year 1-100.00570.0057Beta\[[@CR24]\]  chronic HCV to compensated cirrhosis year 11-200.01430.0141Beta\[[@CR24]\]  chronic HCV to compensated cirrhosis year 21-300.02070.0203Beta\[[@CR24]\]  chronic HCV to HCC year 1-100.00070.0007Beta\[[@CR24]\]  chronic HCV to HCC year 11-200.00320.0032Beta\[[@CR24]\]  chronic HCV to HCC year 21-300.00630.0062Beta\[[@CR24]\]  chronic HCV to death0.00700.0070Beta\[[@CR25]\]  compensated cirrhosis to decompensated cirrhosis year1-30.04170.0400Beta\[[@CR26]\]  compensated cirrhosis to decompensated cirrhosis year 4-50.09450.0855Beta\[[@CR26]\]  compensated cirrhosis to decompensated cirrhosis year 6-100.06620.0618Beta\[[@CR26]\]  compensated cirrhosis to HCC year 1-30.01350.0133Beta\[[@CR26]\]  compensated cirrhosis to HCC year 4-50.03560.0344Beta\[[@CR26]\]  compensated cirrhosis to HCC year 6-100.02970.0288Beta\[[@CR26]\]  compensated cirrhosis to death year 1-30.01350.0133Beta\[[@CR26]\]  compensated cirrhosis to death year 4-50.04610.0439Beta\[[@CR26]\]  compensated cirrhosis to death year 6-100.04610.0439Beta\[[@CR26]\]  decompensated cirrhosis to HCC0.06810.0635Beta\[[@CR27]\]  decompensated cirrhosis to death year 10.26000.1924Beta\[[@CR24]\]  decompensated cirrhosis to death year 20.39000.2379Beta\[[@CR24]\]  decompensated cirrhosis to death year 3-50.23940.1821Beta\[[@CR24]\]  HCC to death year 10.84820.0011Beta\[[@CR28]\]  HCC to death year 20.92010.0009Beta\[[@CR28]\] Genotype 6  chronic HCV to compensated cirrhosis year 1-100.00570.0057Beta\[[@CR24]\]  chronic HCV to compensated cirrhosis year 11-200.01430.0141Beta\[[@CR24]\]  chronic HCV to compensated cirrhosis year 21-300.02070.0203Beta\[[@CR24]\]  chronic HCV to HCC year 1-100.00070.0007Beta\[[@CR24]\]  chronic HCV to HCC year 11-200.00320.0032Beta\[[@CR24]\]  chronic HCV to HCC year 21-300.00630.0062Beta\[[@CR24]\]  chronic HCV to death0.00700.0070Beta\[[@CR25]\]  compensated cirrhosis to decompensated cirrhosis year 1-30.04170.0400Beta\[[@CR26]\]  compensated cirrhosis to decompensated cirrhosis year 4-50.09450.0855Beta\[[@CR26]\]  compensated cirrhosis to decompensated cirrhosis year 6-100.06620.0618Beta\[[@CR26]\]  compensated cirrhosis to HCC year 1-30.01350.0133Beta\[[@CR26]\]  compensated cirrhosis to HCC year 4-50.03560.0344Beta\[[@CR26]\]  compensated cirrhosis to HCC year 6-100.02970.0288Beta\[[@CR26]\]  compensated cirrhosis to death year 1-30.01350.0133Beta\[[@CR26]\]  compensated cirrhosis to death year 4-50.04610.0439Beta\[[@CR26]\]  compensated cirrhosis to death year 6-100.04610.0439Beta\[[@CR26]\]  decompensated cirrhosis to HCC0.06810.0635Beta\[[@CR27]\]  decompensated cirrhosis to death year 10.26000.1924Beta\[[@CR24]\]  decompensated cirrhosis to death year 20.39000.2379Beta\[[@CR24]\]  decompensated cirrhosis to death year 3-50.23940.1821Beta\[[@CR24]\]  HCC to death year 10.84820.0011Beta\[[@CR28]\]  HCC to death year 20.92010.0009Beta\[[@CR28]\]  Virological responses Genotype 1  Pegylated interferon alpha 2b and Ribavirin  Probability of SVR0.27200.0057Beta\[[@CR29]--[@CR31]\]  Probability of RVR0.13020.0033Beta\[[@CR29]--[@CR31]\]  Probability to change from RVR to SVR0.86200.1190Beta\[[@CR29]\]  Probability of NR0.24490.0055Beta\[[@CR29], [@CR31]\] Pegylated interferon alpha 2a and Ribavirin  RR of SVR (peg 2a vs peg 2b)1.19500.0492Log normalcalculated  RR of RVR (peg 2a vs peg 2b)1.13000.0353Log normalcalculated  RR of NR (peg 2a vs peg 2b)0.69600.1134Log normalcalculated Genotype 6  RR of SVR (gen 6 vs gen 1)1.2200Log normal\[[@CR32]\]  RR of RVR (gen 6 vs gen 1)1.6800Log normal\[[@CR32]\] Health utility  Chronic hepatitis C infection0.72840.0011Beta\[[@CR13]\]  Compensated cirrhosis0.70230.0020Beta\[[@CR13]\]  Decompensated cirrhosis0.57740.0020Beta\[[@CR13]\]  Hepatocellular carcinoma0.57780.0023Beta\[[@CR13]\]  SVR (Healthy)0.79550.0018Beta\[[@CR13]\]

The costs of CHC treatment composed of direct medical costs and direct non-medical costs. To avoid double counting for utility outcomes, indirect costs were excluded. Direct medical costs included drugs (pegylated interferon and ribavirin), laboratory tests (investigation and monitoring) and complication treatment. The prices of pegylated interferon and ribavirin were obtained from the prices that the drug companies presented to the NLEM committee. The types and the number of laboratory tests used in the model were estimated by the expert panel. The tests for investigation included complete blood count (CBC), liver function test, prothrombin time, genotype, viral load, HIV, creatinin, thyroid-stimulating hormone, antinuclear antibodies, abdominal ultrasound, pregnancy test, alanine aminotransferase (ALT), and aspartate aminotransferase (AST). For monitoring, CBC, creatinin, ALT and viral load were included.

Direct non-medical costs included transportation and food expenditure of patients. The number of OPD visits, IPD admissions and length of stay were retrieved from the existing study conducted in Thailand \[[@CR33]\]. The unit costs of transportation and food expenditure were derived from Thai Standard Cost List for Health Technology Assessment \[[@CR34]\]. All costs were converted in 2013 values by using consumer price index (CPI) and discounted at a rate of 3 %. The average exchange rate of Thai baht (THB) to 1 \$US was 35 Baht (Table [2](#Tab2){ref-type="table"}).Table 2Costs of CHC treatmentCost parametersMeanStandard errorDistributionRef.Medication, laboratory and diagnostic tests costs Pegylated interferon alfa-2a + Ribavirin (per week)3,150630Gamma\[[@CR35]\] Pegylated interferon alfa-2b + Ribavirin (per week)3,150630Gamma\[[@CR35]\] Investigation and monitoring16,2773,255Gamma\[[@CR34]\]Direct medical cost for complication treatment Costs of chronic HCV infection (per year)65,64019,723Gamma\[[@CR33]\] Costs of compensated cirrhosis (per year)73,53218,605Gamma\[[@CR33]\] Costs of decompensated cirrhosis (per year)138,14118,996Gamma\[[@CR33]\] Costs of hepatocellular carcinoma (per year)168,89911,601Gamma\[[@CR33]\]Direct non-medical cost for complication treatment Costs of chronic HCV infection (per year)4,303430.3Gamma\[[@CR33], [@CR34]\] Costs of compensated cirrhosis (per year)4,216421.6Gamma\[[@CR33], [@CR34]\] Costs of decompensated cirrhosis (per year)5,823582.3Gamma\[[@CR33], [@CR34]\] Costs of hepatocellular carcinoma (per year)9,516951.6Gamma\[[@CR33], [@CR34]\]

Model structure and all parameters were approved by the experts during the expert consultation meeting.

Sensitivity analysis {#Sec6}
--------------------

A one-way sensitivity analysis and a probabilistic sensitivity analysis (PSA) were performed to determine the uncertainty of model parameters. For one-way sensitivity analysis, each parameter was varied at a time across the plausible range and shown graphically as a tornado diagram. In addition, PSA were carried out by varying all parameters randomly within the plausible range. The Monte Carlo Simulation was generated in order to randomly select a value of each parameter for 1000 times and calculated for expected cost and outcome. The results of PSA were presented by a cost-effectiveness plans and acceptability curves.

Results {#Sec7}
=======

The total costs and QALYs gained of all treatments in patients with HCV genotypes 1 and 6 infection were presented in Table [3](#Tab3){ref-type="table"}. Comparing to palliative care treatment, HCV treatment with pegylated interferon alpha 2a or alpha 2b plus ribavirin both in HCV genotypes 1 and 6 provided the negative ICER value that mean higher in outcomes and lower in costs. The results showed a superior of pegylated interferon alpha 2a plus ribavirin over pegylated interferon alpha 2b plus ribavirin in both genotype 1 and 6. In addition, pegylated interferon plus ribavirin provided less cost and higher outcome in HCV genotype 6 than genotype 1.Table 3Total costs and QALYs gainedAlternative treatmentGenotype 1Genotype 6Total costs (Baht)QALYs (Year)ICER (compare to palliative care)Total costs (Baht)QALYs (Year)ICER (compare to palliative care)Palliative care1,169,12111.63-1,150,41711.67-Peg 2a + RBV747,71813.44Dominant558,86814.07DominantPeg 2b + RBV819,92113.14Dominant655,69713.69Dominant

The one-way sensitivity analysis of the most cost-saving intervention was presented by a tornado diagram (Fig. [3](#Fig3){ref-type="fig"}). Only fifteen parameters most influencing on the model's results of each HCV genotype was shown from the greatest to the least. For genotype 1, they were as follows: cost of HCV treatment, rate of SVR, transitional probability from HCV state to death, and transitional probability from HCV state to compensated cirrhosis state.Fig. 3Tornado diagram

The PSA results of both HCV genotypes 1 and 6 treatment were illustrated by cost-effectiveness plane (Fig. [4](#Fig4){ref-type="fig"}) and acceptability curves (Fig. [5](#Fig5){ref-type="fig"}). The cost-effectiveness acceptability curves showed the superior of pegylated interferon alpha 2a or alpha 2b plus ribavirin over palliative care for all willingness to pay values. In addition, the combination of pegylated interferon alpha 2a and ribavirin was presented a higher probability to cost-effectiveness than that of pegylated interferon alpha 2b and ribavirin.Fig. 4Incremental cost-effectiveness planeFig. 5Acceptability curve

Discussion {#Sec8}
==========

The findings have shown that the treatment with pegylated interferon alpha 2a or alpha 2b plus ribavirin had lower costs and higher outcomes since early HCV infection treatment will decrease complications and death from decompensated cirrhosis, compensated cirrhosis and HCC. These results were relevant with the study of Gerkens \[[@CR16]\] that showed cost-effectiveness of pegylated interferon alpha 2a plus ribavirin in the treatment of CHC genotypes 1 and 6 comparing to the palliative care in Belgium and the study of Gheorghe \[[@CR17]\] that showed cost-effectiveness of pegylated interferon alpha 2a plus ribavirin over pegylated interferon alpha 2b, and standard interferon and ribavirin combination in Romania.

For the treatment of CHC genotype 6 with pegylated interferon alpha 2a or alpha 2b plus ribavirin, the results revealed the superior of outcome to HCV infection and inferior of total treatment costs than CHC genotype 1. Despite the fact, the treatment in CHC genotype 6 had more cost-effectiveness than that of CHC genotype 1, the ICER results of both genotypes indicated pegylated interferon alpha 2a or alpha 2b plus ribavirin were dominant comparing to palliative care.

There were limitations for this study need to be reported. First, due to a lack of randomized controlled trial to compare pegylated interferon alpha 2a plus ribavirin and alpha 2b plus ribavirin in CHC genotype 6 patients, the SVR and RVR rate were calculated using the relative risk (RR) in HCV genotype 1 versus HCV genotype 6 patients from a prospective study in Thailand. Although, these rates may not indicate the exact values for genotype 6 patients, they were accepted from the expert consultation meeting and the Subcommittee for Development of the NLEM. Second, the patients who were not achieved SVR and RVR were assumed as treatment failure. We applied the number of patients who were discontinued the treatment because of virological response for null response patients and the rest of treatment failure were partial response. This may not be the exact number of those groups of patients but the number was assumed to estimate cost of treatment. Thirdly, this study assumed that the patients are 100 % complied with the treatment throughout 24 or 48 weeks. In the actual circumstances, the patients may not abide by 100 % with treatment \[[@CR36]\], which may affect the lower effectiveness. Last, the utility score of patients in each health state was obtained from studies in other countries that may be different from Thai patients. It is noted that Thai patients' utility score is needed for further study.

Given that this modeling study was performed before the current era of direct-acting antiviral (DAA) therapies, and DAAs are not currently available in Thailand, our study examined the available standard of care for HCV treatment in Thailand. Recently, sofosbuvir, a new antiviral drug has been approved in the US and Europe for treating CHC patients. AASLD and EASL guidelines have changed the standard treatment of HCV infection into DAAs. Although DAA showed the superior effects than pegylated interferon \[[@CR37]\], this study did not include any DAAs in the model since the study was conducted before the drug approval. However, the study is certainly valuable to support an evidence for other developing countries who are considering the combination of pegylated interferon and ribavirin into their national drug lists. In addition, this Markov model is the first approval model for HCV treatment in Thailand. The model was validated for CHC patients along with the THASL guidelines \[[@CR12]\], which are comparable to other guidelines \[[@CR8], [@CR10], [@CR11]\]. Therefore, the model can be applied to other countries and other novel medications of HCV infection treatment. Not only is the application of the model utilized, but also the acceptance of Health Technology Assessment (HTA) for national policy making is a crucial model for other countries.

Conclusions {#Sec9}
===========

The treatment of CHC infection genotypes 1 and 6 with pegylated interferon alpha 2a or alpha 2b plus ribavirin comparing to the palliative care showed cost-saving in Thailand. As cost-saving results, our study proposed the Subcommittee for Development of the NLEM to include both pegylated interferon alpha 2a and alpha 2b into the NLEM. Successively, the Subcommittee for Development of the NLEM approved to include both pegylated interferon alpha 2a and alpha 2b into the NLEM in 2014.
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